Research has accumulated which indicates that nutritional factors can significantly modify the host response to environmental toxicants. Correction of malnutrition can clearly mitigate the effects of many toxicants; however, evidence is mounting that supraphysiologic doses of nutrients (nutritional supplements) can further lessen toxicity. The use of dietary supplements, calcium in particular, to blunt the effects of lead is discussed as a case example. The possibility that nutrition could be implemented as a secondary prevention strategy on a public health scale raises important ethical and policy issues. The cost of cleaning up pollution when resources are scarce could favor secondary prevention strategies under a simple utilitarian analysis. This analysis, however, fails to recognize certain inequities such as the plight of those consigned to suffer in polluted conditions. Nutritional strategies can lessen, but not abolish, toxic effects; moreover, they require dissemination and compliance, which are unlikely to be fully effective. These issues demonstrate the need to develop a public health paradigm for the role of nutritional interventions in environmental health.
As our knowledge of environmental hazards grows, the threats they pose to children, in particular, appear formidable. ( In this article, our focus is on environmental hazards such as lead paint, organic solvents, and pesticides, the presence of which is dependent on anthropogenic activities. Not included are, for example, infectious agents and plant toxins.) As reviewed by others in this symposium, in addition to biological factors that may increase the susceptibility of children to toxic effects, there are also behavioral factors, such as hand-to-mouth and play activity, that may increase the risk of exposure to toxicants many-fold.
Environmental health entails a continuum from public health to clinical care. Within this continuum there are primary prevention strategies-those that prevent the pollution that can lead to disease; secondary prevention strategies-interventions that can abate the effect of pollution on individuals; and clinical care-encompassing treatment for environmentally related diseases. Treatment is the most expedient approach, but is also the least desirable from a public health point (2) (3) (4) . Riboflavin and nicotinic acid deficiency have been observed to exacerbate the toxicity of the pesticide dieldrin (5) .
Deficiencies of protein and minerals, particularly iron and calcium, have also been found to significantly influence the gastrointestinal absorption of pollutant metals, particularly lead and cadmium (6, 7) . Generalized fasting also has been found to increase gastrointestinal absorption of metals such as lead (8) . There is some evidence that nutritional deficiencies may alter the pattern of soft-tissue deposition of lead and cadmium (9) . Deficiencies in dietary calcium also have been noted among children with elevated blood lead in several epidemiological studies (10) . The mode of action may not rest entirely on increased intestinal absorption of lead since there is also evidence that calcium deficiency leads to mineral-seeking behavior such as pica, thereby indirectly increasing lead exposure (11) . High blood leads also have been seen among adult women with diets relatively deficient in calcium (12) .
The Potential Role of Supraphysiologic Doses ofNutrients
In comparison to malnutrition, the effects on pollutant toxicity of supplementation with nutrients at levels above those that are physiologically required has been studied relatively less, both in animals and humans. With regard to toxic metals, there is some evidence in both animals (13) and human infants (14) that increased dietary calcium will lead to further decreases in lead absorption, even within the range of recommended daily intake of calcium.
One area of toxicology that has directed increased attention to the role of supraphysiologic doses of nutrients is environmental carcinogenesis. An example is vitamin A (i.e., beta-carotene and other carotenoid compounds that can be metabolized to form retinol, the physiologically active form of vitamin A). In a number of animal studies, high doses of vitamin A and synthetic analogues have been found to inhibit the occurrence of induced tumors and even reverse metaplastic changes (15, 16) . Vitamin A has been found to exert an inhibitory effect even when administered after a cancer has been induced (17) , raising the possibility that it could be used as a tertiary treatment strategy as well as an agent of secondary prevention. Observational epidemiological studies have tended to support the notion that foods high in vitamin A, such as leafy green vegetables and fruits, confer a strong protective effect from lung cancer and other forms of cancer (18) . It has not yet been possible to attribute this effect to vitamin A, as opposed to other nutrient properties of such a diet [and, in fact, a recent study of beta-carotene supplements found an excess, instead of a deficiency, of lung cancer among recipients in comparison with controls (19) ]. In the future, it will be important to distinguish whether the beneficial effects of supplementation are derived from foods that are high in multiple nutrients or from purified supplements (for example, in pill form).
Little else can be said with any certainty regarding the ability of nutritional supplementation to mitigate environmental insults. Some papers have begun to surface in the proceedings of symposia regarding nutritional approaches to the treatment of multiple chemical sensitivity syndrome (20, 21) ; however, neither laboratory studies nor well-designed clinical controlled trials exist to back up these assertions, and multiple chemical sensitivity syndrome itself remains a poorly defined disorder with no well-established pathophysiology.
The GCe ofNutrition and Lead
As discussed by Mahaffey (22) , lead has been the most studied toxicant with respect to nutritional influences. Four additional reasons make lead an important case example with which to study the implications of nutritional strategies. First, lead constitutes a ubiquitous toxicant. In this country, multiple pathways of exposure exist, particularly lead in paint, drinking water (from plumbing), house dust, and soil (from deteriorated lead paint and combusted leaded gasoline). Lead is also a worldwide toxicant, exposure to which is increasing in many parts of the world, particularly in areas experiencing urbanization and industrialization. Leaded gasoline, the use and production of which has been declining in developed countries since the 1970s and 1980s, remains the primary fuel of choice for cars in much of the developing world. In addition to being the single largest source of lead emissions into air (23), burned gasoline adds lead to water supplies, soil, food crops, and house dust. Thus, primary prevention of lead exposure requires abatement of lead sources on a massive scale, making secondary prevention efforts such as nutritional strategies an appealing strategy.
Second, toxic effects have been demonstrated for lead at levels of exposure that are being experienced by wide segments of the population. Many recent reviews have summarized the available laboratory and epidemiologic evidence on the neurodevelopmental effects of low-level lead exposure in children (24) (25) (26) . In general, the weight of the evidence from both prospective studies and metaanalyses of cross-sectional studies indicates that relatively low blood lead levels (as low as 10 pg/dl and below) (32) . In consideration of calcium needs to achieve maximal bone mass, it is also likely that dietary calcium and absorption in children and adolescents are low (33, 34) . High dietary protein intake, replacement of consumption of dairy products with soft drinks, and limited weightbearing exercise may all contribute to both the lower dietary calcium intake and the negative overall calcium balance among U.S. females (35, 36) .
In summary, lead is a widespread and pervasive threat that has been demonstrated to have profound effects on neurobehavioral development. There (39) . But by far the greatest government activity takes the form of regulation.
In this country, environmental regulation has tended to be media specific. In resources to approaches that cost the least while offering the greatest benefit. Much of regulation is driven by the assumption that simple utilitarianism, the greatest good for the greatest number, governs our policymaking (41, 42) .
Under the assumption that societies often must choose between approaches for dealing with pollution and that cost-benefit analysis is often the tool that used to select choices, a scenario could be envisioned in which a society would advocate channeling resources into nutritional supplements over primary pollution control. Secondary nutritional prevention could be more expedient and cost less than primary prevention.
But this strategy raises equity concerns that do not surface when the goal is primary prevention. Primary prevention benefits all equally, as its goal is reduction of pollution below threshold effect levels. Secondary prevention, however, grants that some populations will face greater hazardous pollution and must be the targets of nutritional strategies. This represents a retreat of sorts from previous commitments to a clean environment and to abatement of hazardous pollutants.
ITe Equity ofNutritional Strategies
Consider our case example of lead exposure in urban America. The primary prevention costs include hazard abatement of multiple sources of exposure. As discussed no doubt elsewhere in this conference, the resources that potentially would be involved are staggering. For example, it has been estimated that there are 57 million housing units in the United States that contain lead paint, the removal of which has been also estimated at $7700 per unit (43) . Moreover, removal of a single source of lead would Volume 103, Supplement 6, September 1995 probably be insufficient; lead exposure sources tend to be associated with each other. For example, both lead paint and lead water mains (44) tend to be found in older homes. These homes, in turn, are often located in older urban centers where soil can be highly contaminated by the past use of leaded gasoline (45) .
One could imagine that cost-benefit calculations regarding lead paint exposure reveal that the total cost of cleaning all public housing would be $80 billion, but that the total costs in 1994 dollars of morbidity associated with exposure are only $79 billion. In that case, a cost-benefit analysis would not favor the cleanup. On the other hand, those exposed individuals who suffer neurobehavioral difficulties and subsequent earning loss (not to mention other human suffering) would be quite committed to the cleanup. Of course, not only the costs and benefits matter to most policy-makers, but also who benefits and who bears the costs.
A nutritional strategy of secondary prevention might represent an attractive middle ground in this case. Suppose that a targeted nutritional intervention could abate $50 billion of the costs of pollution at a price of $25 billion. This would be attractive from a cost-benefit perspective. But it would leave in place $29 billion in costs of pollution, borne not by every citizen, but only by those exposed to the pollution for whom nutritional strategies did not work or did not reach.
This paradigm emphasizes the importance of equity concerns in a critique of utilitarianism. The utilitarian totaling up of costs and benefits fails to recognize the plight of those who are consigned to suffer in poor conditions. While efficiency is important in any social program, so too is distributive justice.
These issues are now being carefully discussed in a growing literature on the distributive aspects of pollution, or so-called environmental justice. The opposition of some environmentalists to market incentives and commodification of pollution provides an important message for advocates of cost-benefit analysis in a modern liberal state (46) (47) (48) ; once a market in pollution rights is created, so too is a market in human lives. Commodification of the discharge of toxic substances commodifies human lives in that those firms which face high cost rebatement measures may be able to buy rights to pollute and so buy rights to expose individuals to toxic substances.
[None of this denies that our society has long made such decisions concerning the value of human lives. Indeed, our regulations evince an incredible variation in the amount we are willing to pay to save human lives (49, 50) . Explicit recognition of the values we place on life through governmental regulation does at least place our regulations in some perspective.]
Nutritional secondary prevention programs provide a slightly different twist on the environmental equity debate. In this case, the inegalitarian issue is that those singled out for a nutritional strategy will still be exposed to hazardous substances. The best approach in terms of avoiding disease outcomes would be to abate the hazard; second best is to intervene with calcium supplements for example. This raises considerable issues in a liberal state that conceives ofjustice as fairness.
In most descriptions of a modern liberal state, efficiency is important, but it tends to be trumped by individual rights. And increasingly, the right to be free from pollution, or at least to be as free as others, is asserted, especially by those who believe in environmental equity. In this light we would not allow certain inner-city neighborhoods to be heavily polluted with lead simply because a cost-benefit analysis had indicated it was appropriate. Or more to the point, some communities should not have to tolerate pollution exposure that is ameliorated by nutritional supplements.
Exposed individuals are likely to exercise their environmental rights. The concept of environmental rights lacks an explicit constitutional framework, but legal scholars and advocates are finding a series of grounds for asserting it. Some have contended that environmental protection might be based in privacy rights (51) . Others envision environmental protection as a First Amendment right to self-fulfillment (52) . Still others move environmental rights completely out of a constitutional framework (53) . These sorts of analyses in the past rarely engendered much further debate, likely because environmentalism tends to involve problems of exposed majorities frustrated by powerful polluting minorities (54) . But (55) for instance has opposed market incentives in that they fail to carry out the necessary stigmatization of environmental pollution. He believes that such marking, the moral outrage expressed in terms in terms of pollution control, is very important to the society's consideration of environmental quality. Kelman also argues that it is inappropriate to trade some things in the market. Certain commodities simply cannot be traded, largely because individuals tend to down-value the effect of them and because such markets appear to affirm behavior which society should oppose, that is, creating pollution (56) .
Concerns about commodification then create a final barrier to those who would use unrestricted cost-benefit analysis in environmental regulation, and in particular in the use of nutritional strategies as a replacement for primary prevention.
Conclusion: The Need to Develop a Public Health Paradigm for the Role of Nutritional Interventions
As stated earlier, there is not yet enough research to identify any particular nutritional type of therapy as a strategy for mitigating environmental health hazards that should be implemented on a public health scale. Evidence is mounting, however, and it is likely that corroborating research will be forthcoming soon.
The promise of providing a low-cost strategy for mitigating the effects of environmental pollution makes nutritional strategies an attractive option. The potential for such strategies to perpetuate or exacerbate considerations of equity, however, should make public health professionals pause before rushing toward implementation.
One could argue that a distinction should be made between strategies that aim to correct malnutrition and strategies that aim to supplement adequate nutrition with supraphysiological doses. Malnutrition and efforts to correct it have a long and honored tradition within the practice of public health, and it would seem natural for public health professionals to extend the argument for addressing malnutrition as a strategy that will not only directly impact on health, but will also indirectly mitigate the toxicity of environmental hazards.
However, it would be important to not lose sight of the fact that the primary goal of such a strategy is to correct malnutrition as a primary risk factor for disease and developmental delay. Once nutritional strategies are considered as primarily aimed at environmental health hazards, their relationship to primary prevention efforts to control pollution must be understood in the context of environmental equity and environmental rights.
In conclusion, the ethics of public health are fundamentally egalitarian and oriented toward primary prevention. Nutritional strategies aimed at correcting malnutrition are an important component to public health. Nutritional supplement strategies, if found to be effective at mitigating environmental hazards, may be thought of as a possible adjunct to efforts at primary prevention; however, the development of nutritional supplement strategies as a policy must explicitly consider issues of environmental equity and environmental rights.
